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ABSTRACT 

A  spectral  distribution  curve  of  solar 
irradiance  at  sea  level#  over  the  rzuige  of 
0.3  to  13*0  microns#  is  presented.  This  curve 
was  developed  from  data  compiled  by  Moon  in 
1940#  high  altitude  solar  irradiance  measure¬ 
ments  reported  by  Johnson  in  1954#  and  atmosphere 
transmission  measurements  reported  by  Gebbie#  et 
al#  in  1951* 
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fOMINiSTRATIVE  INFORMATIOH 

The  data  presented  was  cooqpiled  under  MEL  Assignment  9I  195* 
Sub-project  S-FOlO  03  01,  Task  9292. 

TECHNICAL  REFEBBNCES 

1  -  Noon*  P.*  "Proposed  Standard  Curve  for  Engineering  Use*" 

J.  Franklin  Inst.  Vol.  230*  No.  5*  Nov  1940*  pp.  583-617 

2  -  Johnson,  F.S.*  "The  Solar  Constant,"  J.  Meteor*  Vol.  11* 

No.  6*  nsc  1954*  pp.  431-439 

3  -  Gebbie*  H.A.*  W.R.  Harding*  C.  Hilsun*  A.W.  Pryce*  and 

V.  Roberts*  "Atmospheric  Transmission  in  the  1  to  14 
Micron  Region,"  Proc.  Roy.  Soc.*  Vol.  A206*  London  1931* 

p.  87 
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A  COMPILATION  OF  SELECTED  DATA  ON  SOLAR 
RADIATION  AT  SEA  LEVEL 

1 .0  INTR(:a)UCTION 

Many  investigators  have  made  measurements  of  solar  irradiance 
outside  the  earth's  atmosphere  2uid  at  sea  level.  No  one  authori¬ 
tative  source  of  data,  however,  covers  the  entire  spectral  range 
from  0.3  to  13 *0  microns.  In  order  to  construct  a  complete  solar 
irradiance  curve  for  sea  level,  it  was  necessary  to  examine 
existing  data,  resolve  differences,  and  correct  for  revised  values 
of  the  solar  constant  and  atoosphere  transmission  factors.  This 
ccxnpilation  of  solar  irradicuice  data  is  a  by-product  of  a  broader 
study  aimed  at  meeting  the  U.S.  Navy's  need  for  knowledge  of  tHe 
surface  characteristics  of  material  and  their  interaction  with 
electromagnetic  radiation.  This  compilation  provides  a  readily 
usable  basis  for  calculating  solar  heating  effects  on  surfaces 
having  different  solar  absorbing  characteristics. 

• 

2.0  SOLAR  IRRADIANCE 

2.1  Moon's  Data.  In  1940,  existing  solar  irradiance  data  were 
correlated  in  a  classic  paper  by  Parry  Moon.^  In  his  paper. 

Moon  pointed  out  that  the  energy  received  at  the  earth's  surface 
from  the  sun  is  subject  to  wide  variation  because  of  several 
factors.  There  is  a  variatj.on  of  ±3*5  percent  due  to  the  changing 
distcince  between  the  earth  and  sun,  and  about  ±1.3  percent  due 
to  variation  in  the  sun  itself.  In  addition,  the  degree  of 
atmposheric  scattering  (by  air  molecules,  water  vapor,  and  dust) 
euid  absorption  (by  molecules  of  0  ,  0^ ,  HO,  CO  ,  etc)  is  highly 
variable.  Moon's  principal  result  is  a  taf>le  of^ spectral  solar 
irradiance  at  sea  level  for  an  air  mass  of  two  (m  =  2,  Zenith 
distance  about  60”) .  Moon  also  presented  spectral,  irradiance  data 
at  sea  level  for  other  zenith  disteuices  and  for  outside  the 
atmosphere . 


^Superscripts  refer  to  similarly  numbered  entries  in  the  Technical 
References  at  the  beginning  of  this  memorandum. 
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2.2  Johnson's  Data.  In  195^»  F.S.  Johnson  revised  Moon' s  outside - 
the -atmosphere  data,  using  new  data  obtained  by  the  Naval  Research 
Laboratory  in  the  wavelength  rauige  from  0.22  to  0.60  micron.* 

Johnson  concluded  that  Moon's  data  outside -the -atmosphere  were  still 
the  best  available  for  wavelengths  longer  than  0.60  micron,  but 
that  they  should  be  increased  by  2.8  percent  because  of  revision 

of  the  basic  Smithsoniem  data  used  in  determining  the  solar  constant 
(total  solar  irradiance  outside  the  earth's  atmosphere). 

2.3  Developed  Moon -Johnson  Data.  For  wavelengths  shorter  them  0.60 
micron.  Moon's  data  for  spectral  irradiemce  at  sea  level  have  been 
revised  to  correspond  with  Johnson's  195^  outside- the -atmosphere 
data,  by  multiplying  Moon's  sea  level  values  for  each  wavelength 

by  the  ratio  of  the  irradiance  outside  the  atmosphere  as  given  by 
Johnson  to 'that  as  given  by  Moon,  at  the  seur!>a  wavelength. 

For  wavelengths  from  0.6  to  1.8  microns.  Moon's  sea-level  values 
are  increased  by  2.8  percent,  as  suggested  by  Johnson,  to  compensate 
for  a  revision  in  the  solar  constant. 

2.4  Developed  Johnson -Gebbie  Data.  For  wavelengths  greater  than 
1.8  microns,  Johnson's  outside-the-atmosphere  values  (which  are 
those  of  a  6000  gray  body)  were  multiplied  by  the  transmittemce 
of  a  one-mile  path  at  sea  level  as  measured  by  Gebbie,  et  al,  in 
1951  ®  . 

3.0  DISCUSSION  OF  DEVELOPED  DATA 

3.1  Comparison  of  Environmental  Conditions.  The  air  path  used 
by  Gebbie  had  a  visual  transmittance,  at  0.6l  micron,  of  60  percent 
and  17 -mm  precipitable  water  vapor,  while  Moon  assumed  20-mm 
precipitable  water  vapor.  Moon's  data  indicates  a  transmittance  of 
68  percent,  at  0.6l  micron.  The  resultant  curve  for  solar  spectral 
irradiance  at  sea  level  appears  in  the  following  tabulation  emd  is 
plotted  in  Figures  1  (0.3  to  1.8  microns)  and  2  (1.8  to  15  microns). 


♦Abbreviations  used  in  this  text  are  from  the  GPO  Style  Manual,  1959 » 
unless  otherwise  noted. 
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Solar  Spectral  Irradiance  at  Sea  Level 

The  mean  spectral  irradicuice*  Hx*  for  air  mass  two  (correspond¬ 
ing  to  elevation  of  the  sun  above  the  horizon  of  about  30”)  is 
given  in  watts -m-a -micron -i  as  a  function  of  wavelength,  x» 
a  surface  perpendicular  to  the  sun's  rays.  Moon-Johnson  data  is 
headed  M-J:  Johnson -Gebbie  data  is  headed  J-G. 
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The  values  given  are  for  an  air  mass  of  two  (sun's  zenith  distance 
about  60°)  and  for  a  surface  perpendicular  to  the  sun's  rays. 
Scattered  solar. radiation  coming  from  the  sky  is  not  included. 

3*2  Data  Consistency.  As  a  test  of  the  consistency  of  the 
resulting  Johnson -.Gebbie  data  with  that  fr^  Moon,  both  curves  are 
plotted  together  in  the  range  from  1.4  to  1.9  microns.  Figure  1. 

They  are  reasonably  consistent  with  one  another,  particularly  with 
respect  to  their  intergrals,  the  area  under  the  Johns on .Gebbie 
curve  being  the  larger  by  about  3  percent.  However,  at  shorter 
wavelengths  not  plotted,  the  Johnson.Gebbie  combination  falls 
considerably  below  the  Moon.Johnson  curve,  at  least  near  the  peaks. 

The  data  presented  in  this  memorandum  was  developed  in  order  that 
numerical  calculations  of  solar  heating  effects  on  surfaces  of 
known  radiant  characteristics,  at  sea  level,  could  be  carried  out. 
The  main  purpose  was  to  develop  a  procedure  for  performing  such 
calculations,  and  this  was  to  be  done  in  a  rather  short  period  of 
time.  Consequently,  sources  and  methods  that  were  readily  available 
and  easily  carried  out  were  used  to  obtain  the  data  presented  here, 
as  described  in  Section  2,  and  no  analysis  of  its  probable  accuracy 
was  attemped. 
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IS.  ARATRACT 

A  spectral  distribution  curve  of  solar  Irradlance  at  sea  level, 
over  the  range  of  0.5  to  13.0  microns.  Is  presented.  This  curve 
was  developed  from  data  con^led.by  Moon  In  19^0,  high  altitude 
solar  Irradlance  measurements  reported  by  Johnson  In  195^#  and 
atmosphere  transmission  measurements  reported  by  Gebble,  et  al, 
in  1951.  1) 
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